2 during the infection of Brassica rapa roots by the protist 3 Plasmodiophora brassicae 4 5
48
Introduction 49 All plant tissues including roots [1, 2] , leaves [3, 4] and seeds [5, 6] are surrounded by a large 50 diversity of microorganisms assembled in microbial communities or microbiota. These microbial 77 physiology during the course of development and the level of symbiotic associations [22] . In addition, 78 the genetic structure of bacterial and fungal communities was shown to change significantly during 79 the development of Medicago truncatula in both vegetative and reproductive stages and the 80 intensity of mutualistic symbiotic association with AM fungi and Rhizobia [23] . By extension, changes 81 in microbial diversity and composition following plant-bioagressor interactions is often hypothesized 82 to be based on modifications of the plant chemistry, such as plant exudates [24, 25] including Archaea-and Eu-bacteria, fungi, and unicellular eukaryotes, such as algae and amoebae 91 [27] . So far, only few studies focused on the composition, the dynamics and the ecological functions 92 of these microorganisms during the plant growth. In contrast to the rhizosphere, the plant roots 93 feature highly specific microbial communities [28] . The diversity of these endophyte communities is 94 much lower than that estimated for microbial communities outside the root [10, 11] . At the interface 95 between the rhizosphere and the roots, the rhizoplane is often defined as a specific habitat of the 96 rhizosphere because it is colonized by microorganisms that are firmly attached to the root surface.
97
However, selective extraction and analysis of this compartment using culture-independent molecular 98 methods and high-throughput sequencing are technically difficult and, consequently the role of the 99 rhizoplane remains poorly understood [28] . Based on the composition of the rhizosphere and root 100 microbiota, it has been proposed that the plants could assemble their microbiota in two steps, with 101 the first one involving a rapid recruitment of microorganisms in the vicinity of the root and a second 102 step being their entry inside the root [29] . However, the second step is more complex than the first 103 one, with each root niche playing a selective role in microbiota assembly [15] . samples were incubated for 30 min at 70°C, and then centrifuged at 7,000 g for 1 min at 20°C. To 247 remove proteins from the extracts, 1 mL of the collected supernatant was incubated for 10 min on 248 ice with 1/10 volume of 3 M potassium acetate (pH 5.5) and centrifuged at 14,000 g for 5 min at 4°C. 
257
The same protocol was used to extract DNA from soil samples except that, before Beta diversity 308 After normalization by sample size, OTU counts without at least a mean of one read per 309 sample were removed from the analysis. The genera OTU counts were also rarefied to 1,000 counts 310 per sample and Log2-transformed rarefied values were used to calculate a Bray-Curtis distance 311 dissimilarity matrix using the function "vegdist" of the R package "Vegan". The beta diversity distance 312 matrices were plotted using a bi-dimensional Principal Coordinates Analysis (PCoA) using the 313 function "plot" of the R package "Vegan". To quantify the influence of each factor on the beta 314 diversity, a canonical analysis of principal coordinates (CAP, [54]) followed by a permutation-based 315 ANOVA (PERMANOVA) was performed using the R package "vegan" according to the method 316 described by [55] . In the rhizosphere of healthy plants, the most heavily-sequenced bacterial phyla found were 384 Proteobacteria, Firmicutes, Actinobacteria and Bacteroidetes, with 86% to 90% abundances at each 385 sampling date between T1 and T5 (Fig 1) . Within the rhizosphere-inhabiting Proteobacteria, the α-
Statistical analysis on phyla counts

386
Proteobacteria were over-represented compared to the β-, γ-and δ-Proteobacteria (Fig 1) . Proteobacteria), and OTU10 (Rhodopseudomonas, α-Proteobacteria) were also highly represented 398 (S1 Table) . No temporal variation of these dominant OTUs was observed between T1 and T5.
399
However, several minor OTUs with significant relative abundance variations between two sampling 400 dates were detected in these bacterial communities (Table 1) .
402
The fungal rhizosphere communities from healthy plants were largely dominated by Ascomycota, 403 with 64% to 69% relative abundances between T1 and T4 (Fig 1) . In the roots of healthy plants, bacterial communities were also dominated by Proteobacteria 437 (41% to 51% RA between T1 and T5) and Bacteroidetes (21% to 33%) as in the rhizosphere (Fig 1) .
438
They also contained Actinobacteria (1% to 10%) and Firmicutes (3% to 7%), although to a lesser 439 extent than in the rhizosphere samples. In the root samples, the α-and γ-Proteobacteria were over-440 represented compared to the β-and δ-Proteobacteria. Cyanobacteria were also detected. Between 441 T1 and T5, more important variations of phylum frequencies occurred in the roots of healthy plants 442 than in their rhizosphere (Fig 1) . Actinobacteria increased significantly in frequencies while 443 Proteobacteria decreased. A total of 202 genera were identified in these communities. The dominant 444 OTUs were OTU2 assigned to a Flavisolibacter (Bacteroidetes) which relative abundances varied 445 between 8% and 17%, OTU3 assigned to an unknown Cyanobacterium, OTU19 (Devosia, α-446 Proteobacteria), OTU12 (Pseudomonas, γ-Proteobacteria) and OTU5 (Flavobacterium, Bacteroidetes) 447 (S1 Table) . While the proportion of OTU2 strongly increased in the rhizosphere compartment of healthy plants between T1 and T5, the proportion of OTU19 decreased from 4.2% to 1.0% and no 449 temporal variations was observed for the other main OTUs. Several other bacterial OTUs with 450 significant variations in abundances from one date of sampling date to another were also detected in 451 healthy plant roots (Table 1) .
453
The root fungal communities were dominated by Ascomycota (85.1%) at T1 and replaced 454 progressively by fungi from the Chytridiomycota phylum during the kinetics of plant growth. At T5,
455
OTU1 which was assigned to the Chytridiomycota was detected in the roots of healthy plants at a 456 very high frequency with a mean of 53% relative abundance (S1 Table) . Variations of several minor 457 OTUs were also observed in the fungal communities of diseased plants during the time-series 458 experiment (Table 1) .
460
To conclude, weak fluctuations were measured in the composition of rhizosphere and root 461 communities of healthy plants before T4, whereas important changes occurred in these communities 462 between T4 and T5. According to the variations of OTU relative abundances, these changes were first 463 observed in the bacterial and fungal communities of plant roots and then in the rhizosphere (Table   464 1).
466
Symptom development and clubroot severity 467 Differences of taproot width between healthy and diseased plants appeared at T3 and increased 468 drastically between T3 and T5 (Fig 2) . Disease index was low at T3 (DI = 16.7%), increased rapidly to 469 68.5% at T4 and reached a maximum of 86% at the end of the experiment (Fig 2) . The amount of P.
470
brassicae DNA followed a similar evolution profile (Fig 2) . However, although DI increased between 471 T4 and T5, there were no significant variations of P. brassicae DNA amount in roots at these time- Table) . At the end of the experiment, some galls had become brownish and some mature resting 476 spores were observed in gall tissues. According to these results, the duration of the life cycle of P. In the rhizosphere of diseased plants compared to healthy plants 495 In the rhizosphere compartment, no significant variation of bacterial richness and diversities was measured between healthy and diseased plants whatever the sampling date (T1 to T5) (S5 Fig) .
498
The same results were observed in fungal communities except that a reduction of diversity occurred 499 in the rhizosphere of diseased plants at the end of the experiment at T5 (S6 Fig). In bacterial 500 communities, the sampling date explained 21.2% of the overall variance of the data (p = 0.001, 95% 501 CI = 19.5%, 24.3%) and the inoculation condition (I vs NI) 4.4% of this variance. This proportion of the 502 variation, albeit small, was found significant (p = 0.02, 95% CI = 3.3%, 5.3%). The microbial dynamics 503 of healthy and diseased plant communities clearly diverged from T3 to T5 as visualized in PCoA (Fig   504  3) . At T4, there is no variation of bacterial phyla_subphyla relative abundances between healthy and 505 diseased plants (Fig 4) , but two OTUs (OTU35 and OTU188) assigned to two genera from the α-
506
Proteobacteria phylum (Sphingopyxis and Rhodobacter, respectively) and two non-assigned β-
507
Proteobacteria (OTU54 and OTU151) became more abundant in the rhizosphere of diseased than 508 healthy plants (Fig 5) . At T5, Proteobacteria (α, β and γ) and Bacteroidetes were consistently more 509 abundant in the rhizosphere of diseased than healthy plants, while both Firmicutes and 510 Acidobacteria were less abundant (Fig 4) . At this sampling date, 20 OTUs belonging mainly to the 511 Proteobacteria, Bacteroidetes and Firmicutes phyla were significantly more abundant in inoculated 512 than in non-inoculated plant samples and 8 less abundant ( Fig 5) . Among these 28 rhizospheric OTUs, 513 the more frequent ones were OTU1 (Bacillus) that decreased between T1 and T5 in the rhizosphere 514 of all plants but more drastically in diseased plants especially at T5, and OTU5 (Flavobacterium), 515 OTU14 (Dokdonella), OTU17 (Pseudomonas), OTU35 (Sphingopyxis), OTU54 (unknown β-
516
Proteobacteria) which were all significantly more abundant in inoculated than non-inoculated 517 samples at T5 (Fig 6) . In fungal communities, the sampling date explained a higher proportion of the 518 variance than in bacterial communities (35%, p = 0.001, 95% CI = 26.1%, 49%), while the inoculation 519 condition (inoculated vs non-inoculated) had no significant effect (3.9%, p = 0.077, 95% CI = 2.8%, 520 5.6%). Until T4, no variation of fungal phylum frequencies was observed (Fig 4) . At T5, while 521 Ascomycota, Basidiomycota and Mucoromycotina were less abundant in the rhizosphere of diseased 522 than healthy plants, no significant variation of Chytridiomycota was observed (Fig 4) . However, the 523 major OTU (OTU1) assigned to the Chytridiomycota phylum significantly increased in diseased plant, 524 while four minor OTUs also varied: higher relative abundances for OTU55 and OTU60 but lower for 525 OTU11 and OTU20 in diseased than healthy plant samples at T5 (Fig 7) . Higher changes of OTU 526 relative abundances occurred in diseased than healthy plant rhizosphere communities during the 527 time-series experiment ( Table 1) . Inside the roots of diseased plants compared to healthy plants 573 In the root compartment, no clear significant differences of bacterial and fungal richness and 575 diversity of communities from healthy and diseased plants were found at each date of sampling (S5 576 and S6 Figs). In bacterial communities, the sampling date explained 24.4% of the overall data 577 variance (p = 0.001, 95% CI = 20.9%, 28.1%) and the inoculation condition (inoculated vs non-578 inoculated) 6.2% of this variance (p = 0.002, 95% CI = 4.4%, 8.2%). No significant differences in 579 community composition between inoculated and non-inoculated root samples were observed until 580 T4 when one bacterial OTU (OTU2) assigned to the Flavisolibacter genus decreased drastically in 581 relative abundances, while six minor OTUs (OTU54, OTU151, OTU122, OTU150 and OTU422 and 582 OTU440) were slightly more abundant in inoculated than non-inoculated samples (Fig 5) . At T5,
583
Actinobacteria were less abundant in the roots of diseased than healthy plants but β-Proteobacteria 584 were more abundant at the phyla-subphyla level (Fig 4) . We observed significant differences in 585 relative abundances of 28 OTUs between inoculated and non-inoculated root samples. Among these 586 28 OTUs, OTU2 (Flavisolibacter), OTU21 (Streptomyces) and OTU44 (Pseudomonas), were the main 587 OTUs which relative abundances had decreased in diseased plants on one hand (Fig 8) . On the other 588 hand, the main OTUs which frequencies increased in inoculated vs non-inoculated plants were 589 OTU17 (Pseudomonas) but also the two non-assigned β-Proteobacteria OTU54 and OTU62 (Fig 8) .
590
Regarding fungal communities, the date of sampling accounted for a higher proportion of the 591 variance than in bacterial communities (36.6%, p = 0.001, 95% CI = 26.2%, 52.9%), while the 592 condition (inoculated vs non-inoculated) had no significant effect (2.7%, p = 0.55, 95% CI = The importance of microbiome for the functioning of plant has been widely recognized.
739
Understanding the complex interactions between the pathogen or more generally biotic stress, the 740 plant and its rhizosphere microbiome network are also key elements in shaping a plant-protective 741 microbiome to improve the efficacies of biocontrol agents and partially resistant plants in controlling 742 soil borne plant diseases. By this, plant microbiome is expected to have an important impact in 743 biotechnology and will be a key point for the next Green Revolution as a harbinger to draw a new 744 model for sustainable agriculture. 
